The effect of dietary inclusion of white lupin seed (WLS) on the milk composition and yield of rabbit does as well as the performance of their litters was studied. Two lactation diets having identical digestible protein (DP):DE ratio and two weaning diets having identical DP:DE ratio were formulated. The first lactation diet (SL) contained soybean meal (SBM; 13.0%) and sunflower meal (5.0%) as the main CP sources, whereas the second lactation diet (LL) was based on WLS (25.0%). As a result, the LL diet had a greater ether extract (EE) content than did the SL diet. The first weaning diet (SW) included SBM (7.0%) as the main CP source, whereas the second weaning diet (LW) diet was based on WLS (12.0%). No additional fat was added to any of the diets. A total of 32 (16 per treatment) Hyplus PS 19 does (4,225 ± 607 g BW, at the second parturition) were fed 1 of the 2 lactation diets. The litters were standardized to 9 kits (564 ± 81 g BW) on the day of birth and were fed 1 of the 2 weaning diets from d 17 to 69 of age. At d 30 of age (weaning), 66 rabbits on each weaning diet (689 ± 71 g BW; 3 per cage) were used to evaluate performance. Feed intake and doe BW were not affected by the dietary treatments. Milk yield tended to be higher between d 1 and 30 of lactation in does fed the LL diet (P = 0.094), a finding that is related to the higher dietary EE content and intake in the LL diet. When expressed per kilogram of metabolic weight, milk output (P < 0.05) and fat output (P < 0.05) were greater in these does. Improved G:F (P < 0.05) between d 1 and 21 of lactation and greater ADG (P = 0.072) and milk efficiency (P < 0.05) of litters was observed in does fed the LL diet. The milk of does fed the LL diet contained less linoleic acid (P < 0.05) and arachidonic acid (C 20:4n-6; P < 0.05) and more oleic acid (P < 0.05), α-linolenic acid (P < 0.05), and eicosapentaenic acid (P < 0.05), with a corresponding increase in the total PUFA n-3:C 20:4n-6 ratio (P < 0.05). The performance of fattening rabbits was not affected by dietary treatment. The number of ill plus dead rabbits caused by digestive disease was lower (P < 0.05) in rabbits fed the LW diet. Therefore, WLS is a suitable dietary CP source for lactating does that can replace traditionally used CP sources without adverse effects on feed intake and milk yield or on the growth and viability of their litters. Due to its fatty acid (FA) composition, the use of WLS in the lactation diet has the potential to improve the milk FA composition of does.
INTRODUCTION
The protein concentrates most commonly used in rabbit diets in Europe are soybean meal (SBM) and sunflower meal (SFM; Villamide et al., 2010b) . White lupin seeds (WLS; Lupinus albus) may represent an alternative protein source for rabbit feeds (Kelly et al., 1990 ). White lupins contain high levels of CP, lipids, nonstarch polysaccharides, and raffinose-series oligosaccharides (Van Barneveld, 1999; Martínez-Villaluenga et al., 2006) . Lupin lipids are 75 to 80% unsaturated (White et al., 2007) . Some varieties of WLS are low in alkaloids, protease inhibitors, and other antinutritional factors (Ballester et al., 1980; Martínez-Villaluenga et al., 2006; Zraly et al., 2007) .
Recent research has shown that WLS (cultivar Amiga) are a suitable dietary CP source for fattening rabbits that can fully replace SBM or SFM (Volek and Marounek, 2009) . Dehulling of WLS is not important for rabbits in terms of the nutritive value of the diet (Volek et al., 2013) . Furthermore, the use of WLS as a fatty acid (FA) source to increase levels of beneficial unsaturated fatty acids in rabbit meat has been investigated by Volek and Marounek (2011) . These authors have reported that feeding rabbits a diet based on WLS decreased SFA and PUFA content as well as n-6:n-3 PUFA ratio and saturation, atherogenic, and thrombogenic indexes in hind leg meat.
To our knowledge no reports have studied the effect of a WLS diet on the performance of rabbit does during the lactation period. Therefore, the aim of this study was to evaluate the effect of lactation and weaning diets based on WLS on the milk composition and yield of lactating nonpregnant rabbit does as well as on the performance and health of their litters.
MATERIALS AND METhODS
The study was approved by the Ethics Committee of the Institute of Animal Science and the Central Commission for Animal Welfare at the Ministry of Agriculture of the Czech Republic (Prague, Czech Republic) and was conducted according to the guidelines for applied nutrition experiments in rabbits (Fernández-Carmona et al., 2005) .
Experimental Diets
Two lactation diets were formulated (Table 1 ). The first lactation diet (SL) contained both SBM (13.0%) and SFM (5.0%) as the main CP sources, whereas the second lactation diet (LL) was based on WLS (25.0%). Synthetic AA (l-lysine, dl-methionine, and l-threonine) were added to the vitamin-mineral premix in substitution of the premix carrier (wheat flour). The diets included no added dietary fat. The experimental diets had similar GE, DE, CP, and AA contents and met the recommendations of De Blas and Mateos (2010) for the nutrient requirements of breeding does. The LL diet was slightly lower in CP, due to the lower protein concentration of WLS, and lower in starch than the SL diet, due to the lower proportions of oats and barley, and was slightly greater in ether extract (EE), due to the greater EE content of WLS (Volek and Marounek, 2009) .
For the growing-fattening period, 2 weaning diets were formulated (Table 1 ). The weaning diets contained similar ingredients as the lactation diets but at different inclusion rates. The first weaning diet (SW) included SBM (7.0%) as the main CP source, whereas the second weaning diet (LW) was based on WLS (12.0%). No synthetic AA were added to the weaning diets. The diets included no added dietary fat. The experimental diets had similar CP, starch, NDF, ADF, DE, and AA contents and met the recommendations of De Blas and Mateos (2010) for the nutrient requirements of fattening rabbits. 1 Provides the following quantities per kilogram of complete diet: vitamin A (retinol), 12,000 IU; vitamin D 3 (cholecalciferol), 2,000 IU; vitamin E (α-tocopherol), 50 mg; vitamin K3 (bisulfate menadione complex), 2 mg; vitamin B 1 (thiamine mononitrate), 3 mg; vitamin B 2 (riboflavin), 7 mg; vitamin B 6 (pyridoxine), 4 mg; niacinamide, 50 mg; Ca-pantothenate, 20 mg; folic acid, 1.7 mg; biotin, 0.2 mg; vitamin B 12 (cyanocobalamin), 0.02 mg; choline chloride, 600 mg; Cu (as CuSO 4 ·5H 2 O), 20 mg; Fe (as FeSO 4 ·7H 2 O), 50 mg; I (as KI), 1.2 mg; Mn (as MnO), 47 mg; Zn (as ZnO), 50 mg; Se (as Na 2 SeO 3 ), 0.15 mg; l-lysine, 0 and 300 mg in the SL and LL diets, respectively; dl-methionine, 300 and 1,000 mg in the SL and LL diets, respectively; l-threonine, 500 and 500 mg in the SL and LL diets, respectively. No synthetic amino acids were added to the weaning diets.
2 Neutral detergent fiber is expressed exclusive of residual ash.
3 Acid detergent fiber is expressed exclusive of residual ash.
4 EE = ether extract.
5 DP = digestible protein.
6 Calculated from Villamide et al. (2010a) .
7 Calculated from the digestibility coefficients obtained in the digestibility trial (between d 50 and 54 of age; Table 8 ).
Ether extract was present at a slightly greater level in the LW diet than in the SW diet. Both lactation and weaning diets were offered as 3-mm pellets 5 to 10 mm long. A premilling system with a vertical hammer mill was used for the feed manufacturing process (sieve with a 3.5 mm diameter). No medication was included in the feed or in the drinking water during the entire experiment.
Animals and Experimental Design
The study was conducted at an experimental rabbit farm at the Institute of Animal Science (Prague, Czech Republic), which is accredited in accordance with European Union standards. The building was equipped with a forced ventilation and cooling system. Animals were maintained under the following controlled environmental conditions: room temperature between 18 and 20°C, relative humidity of 65%, and 16-h/d and 12-h/d light programs for rabbit does and fattening rabbits, respectively.
A total of 32 Hyplus rabbit does (4,225 ± 607 g BW, line PS 19; Grimaud Freres Selection S. A., Roussay, France) were used for the lactation trial. One lactation (30 d) was evaluated. This short-term experiment was intended as the first step to evaluate WLS as a new CP source for use in lactation diets. All does were at the second parturition stage; therefore, nondietary factors having the largest impact on the quantity and quality of milk (lactation stage, low litter weight at birth, number of suckling kits, gestation overlapping degree, and parity order) were eliminated (Maertens et al., 2006) . At parturition, the number of kits born alive was similar for all does (from 8 to 10 kits). No perinatal mortality (kits found dead at the first control after kindling) was observed in these does. All does were healthy (no signs of diseases such as mastitis, pododermatitis, abscesses, or pasteurellosis) and received feed and water immediately after parturition without problem.
During pregnancy and until kindling (i.e., before the start of the experiment), all animals received a standard pelleted diet (16.8 MJ/kg GE, 18.4% CP, 31.6% CP, 2.4% EE, and 22.3% starch) suitable for reproducing rabbit does. Doe BW was recorded immediately after kindling. Does were distributed in comparable groups (16 animals per group) based on BW and genealogy (sisters in different groups) and were fed 1 of the 2 experimental lactation diets ad libitum for the entire lactation period.
The litters (female PS Hyplus 19 × male PS Hyplus 39) were standardized to 9 kits on the day of birth (Day 0) by cross-fostering to exclude the effect of litter size on milk production and feed consumption (Lebas, 1969) , weighed (564 ± 81 g BW), and maintained in a closed nest (Xiccato et al., 2004) . Doe well accepted cross-fostering of kits.
Litters were housed with their mothers in modified cages (92 by 72 by 45 cm) with 2 feeders, allowing the distribution of solid feed separately for rabbit does and kits (Fortun-Lamothe et al., 2000) . Briefly, the nest box (inside the cage) and a straight piece of wire mesh were fixed in the middle of the cage to divide it in two. The nest box had 2 entrances (to the mother or to the litter part of cage). Entrances for the mothers were closed, but entrances for the litters were not. The former entrances were opened once daily in the morning (for a maximum of 10 min) at a fixed time (0900 h), because rabbit does nurse their litters for only a few minutes once a day (Xiccato et al., 2004; Maertens et al., 2006) .
Feed intake and milk yield were measured daily during the entire lactation period, whereas doe and litter BW were measured every 7 d. Milk yield was measured by weighing the rabbit does immediately before and after suckling (Lebas, 1968) . Does were not inseminated during the lactation period.
Five does on each of the 2 lactation diets were used to evaluate milk composition (DM, protein, fat, ash, and FA profile; Partridge et al., 1986b; Xiccato et al., 1995) . Milk was collected at d 21 of lactation because kits exclusively depend on the milk of their mother during the first 3 wk of life and because during lactation, the milk composition is relatively stable until the end of the third week (Maertens et al., 2006) . The does were treated with 1 IU of oxytocin (NORDIC Pharma, Prague, Czech Republic) to stimulate milk ejection. This level of oxytocin, which is most likely near the physiological range (Fuchs and Wagner, 1963) , has been found previously to have no significant effect on milk composition in rabbits (Linzell et al., 1972) . Milk was collected manually by gently massaging the mammary gland. Volumes of 25 to 30 mL per doe were obtained from an anterior mammary gland, and this amount was sufficient for the analyses (Partridge et al., 1986a; Maertens et al., 2006) . Due to the influence of milk sampling on the subsequent milk yield (Partridge et al., 1986b) , the sampled does were not considered in the statistical evaluation of milk production.
Litters (16 litters per diet) were offered 1 of the 2 weaning diets ad libitum from d 17 to 30 (weaning) of age. Thus, the litters received the same type of diet that their mothers received (mothers fed SL diets and their litters fed SW diets; mothers fed LL diets and their litters fed LW diets). Litter BW was recorded weekly from birth to d 30 of age. The litters were weighed before suckling. The solid feed intake of litters was recorded daily from d 22 to 30 of age, and the health status of litters was checked daily.
At weaning, 11 litters per diet were randomly chosen for the fattening period. Six rabbits per litter (66 animals of both sexes per diet; 689 ± 71 g BW) were randomly chosen and continued to be fed their respective weaning diet ad libitum for 39 d, at which time the rabbits were 69 d old. Rabbits were moved from the maternal sector to the fattening sector and placed, 3 per cage, in wire-net cages (80 by 60 by 45 cm). Rabbit BW (weekly) and feed intake (daily) were recorded per cage and ADFI, ADG, and G:F were calculated afterward. The Health Risk Index of rabbits was calculated according to the methodology of the European Group on Rabbit Nutrition (Fernán-dez-Carmona et al., 2005) , that is, as the sum of morbid and dead rabbits, given that each animal was considered only once (i.e., classed as either dead or morbid). Mortality was checked daily, and morbidity was assessed weekly through an individual control of all clinical signs of digestive troubles. Morbidity corresponds to sick rabbits (remaining alive within the experimental period) exhibiting digestive troubles (light, acute, or terminal diarrhea, mucus in feces, or abnormal caecotrophy, i.e., exhibiting significantly soft feces for more than 3 d) or severe loss of weight during a week (animals not included in the previous categories but exhibiting an abnormally low growth rate). An animal was considered morbid only once, even if diarrhea lasted several days.
In addition, 22 weaned rabbits (30 d of age, 697 ± 86 g BW; 1 rabbit per litter; 11 rabbits per diet) were used in a digestibility trial to determine the coefficients of total tract apparent digestibility (CTTAD) for OM, CP, GE, EE, starch, NDF, and ADF of the weaning diets, following the European Group on Rabbit Nutrition recommendations (Perez et al., 1995) . Rabbits were moved from the maternal sector, individually housed in wire-net metabolic cages (50 by 40 by 42.5 cm), and fed ad libitum 1 of the 2 weaning diets. After an adaptation period of 20 d, feed intake and total fecal output were individually recorded from d 50 to 54 of age.
Analytical Methods
Diets, ingredients, and dried feces were milled through a 1-mm screen before analysis, and all analyses were performed in duplicate. AOAC International (2005) methods were used to determine the contents of CP and starch. Ether extract was analyzed using the AOAC International (1995) method. The EE determination on feces was not preceded by acid hydrolysis treatment before extraction with ether. Crude protein content (6.25 × N) and EE in the feed and feces were determined using a Kjeltec Auto 1030 1 RMSE = root mean square error (n = 16 rabbit does per diet for the nutrient intake and feed conversion; 11 rabbit does per diet for milk production).
2 At d 30 of lactation.
3 DEI = digestible energy intake.
4 Expressed on the average period d 1 to 21 of lactation.
5 Calculated from the milk composition (Table 4) . 6 As litter weight gain from d 1 to 21 of lactation/feed intake of rabbit does from d 1 to 21 of lactation.
7 As litter weight gain from d 22 to 30 of lactation/feed intake of rabbit does and litters from d 22 to 30 of lactation.
Analyzer and Soxtec 1043, respectively (FOSS Tecator AB, Höganäs, Sweden). Neutral detergent fiber, exclusive of residual ash, was assayed with a heat-stable amylase (Mertens, 2002) . Acid detergent fiber was analyzed using the AOAC International (2000) method and expressed exclusive of residual ash. Lignin levels were determined by solubilizing the cellulose with sulfuric acid (Robertson and Van Soest, 1981) . Dry matter was determined by drying at 105°C to a constant weight. Gross energy was measured using an adiabatic calorimeter (C5000 control; IKA-Werke, Staufen, Germany). Milk samples were analyzed for N (16.036), fat (16.060), DM (16.032), and ash (16.035) by standard AOAC (1984) procedures.
The FA composition of the CP sources, experimental diets, and milk was determined after chloroform-methanol extraction of total lipids (Folch et al., 1957) . Nonadecanoic acid was used as an internal marker to quantify the FA present in the samples. Methyl esters were analyzed using a HP 6890 gas chromatograph (Agilent Technologies, Inc., Santa Clara, CA) with a programmed 60-m DB-23 capillary column (150-230°C) and a flameionization detector; split injections were performed using an Agilent autosampler. One-microliter samples of solution of fatty acid methyl esters in hexane were injected at a 1:40 split ratio. Separation was achieved using the following column temperature program: initially, the column was operated at 60°C for 7 min; the temperature was then increased at 20°C/min to 110°C, maintained for 4 min at that temperature, increased at 10°C/min to 120°C, maintained for 4 min at that temperature, increased at 15°C/ min to 170°C, increased at 2°C/min to 210°C, maintained at that temperature for 13.5 min, and finally increased at 40°C/min to 230°C and maintained at that temperature for 7 min. Fatty acids were identified by comparing their retention times to those of standards. Polyunsaturated fatty acid 1, PUFA 2, PUFA 3, and 37 Component FAME Mix (Supelco, Bellefonte, PA) were used as standards.
Statistical Analyses
Data regarding growth performance, milk production, milk composition, and the CTTAD of the experimental diets were examined by 1-way analysis of variance using the GLM procedure of SAS Inst. Inc. (Cary, NC), with type of diet as the main effect. For the growth performance of does, milk production, milk composition, mortality, morbidity of weaned rabbits, and the CTTAD of the weaning diets, the individual rabbit was used as the experimental unit. The cage represented the experimental unit for the growth performance of litters and weaned rabbits. Health status was assessed using the chi-square test. All differences were considered significant at P < 0.05, and P-values between 0.05 and 0.10 were considered a trend.
RESULTS

Fatty Acid Profiles of Soybean Meal, Sunflower Meal, White Lupin Seed, and Lactation Diets
The fatty acid profiles of the protein sources and the lactation diets tested are shown in Table 2 . Monounsaturated fatty acids were the main FA in WLS, whereas PUFA and SFA were present at lower amounts than in SBM and SFM. White lupin seeds contained less palmitic acid (C 16:0) and linoleic acid (C 18:2n-6) and more eicosenoic acid (C 20:1n-9), oleic acid (C 18:1n-9) and eicosapentaenic acid (EPA; C 20:5n-3) than SBM and SFM. Oleic acid was the predominant FA in WLS.
The LL diet contained less PUFA and more SFA and MUFA than the SL diet. The LL diet contained less C 16:0, C 18:2n-6, and α-linolenic acid (C 18:3n-3) and more myristic acid (C 14:0), stearic acid (C18:0), C 18:1n-9, and EPA than the SL diet.
Feed Intake and Milk Yield of Rabbit Does
Feed intake, G:F, milk yield, and milk, fat, and protein outputs of the rabbit does are presented in Table 3 . No significant differences were observed between treatments regarding feed intake or digestible energy intake (DEI) during the entire lactation period. Doe BW was not affected by the dietary treatments.
There was a greater daily milk production between d 1 and 21 of lactation (P = 0.222), between d 22 and 30 of lactation (P < 0.05), and for the entire lactation period (P = 0.094) in rabbit does fed the LL diet than in does fed the SL diet. Peak milk yield was achieved on d 18 of lactation in does fed the SL diet, whereas the lactation peak was reached on d 21 of lactation in does fed the LL diet (Fig. 1) . When expressed per kilogram of metabolic weight, milk output was greater (P < 0.05) in does fed the LL diet than in does fed the SL diet. Similarly, fat output was greater (P < 0.05) in does fed the LL diet than in does fed the SL diet. Improved G:F (P < 0.05) between d 1 and 21 of lactation was observed in does fed the LL diet.
Milk Composition
Milk composition data are presented in Table 4 . At d 21 of lactation, lower DM (P < 0.05) and protein (P < 0.05) contents were observed in milk obtained from does fed the LL diet. The LL diet led to a lower SFA content (P < 0.05) in milk, with a corresponding decrease in caprylic acid (C 8:0; P < 0.05), capric acid (C 10:0; P < 0.05), C 14:0 (P < 0.05), and C 16:0 (P < 0.05). Stearic acid content tended to be greater (P = 0.059) in the milk of does fed the LL diet. Feeding the LL diet to does led to a greater MUFA content (P < 0.05) in milk, with a corresponding increase in C 18:1n-9 (P < 0.05). A lower PUFA content (P < 0.05) was observed in the milk of does fed the LL diet than in does fed the SL diet. The milk of does fed the LL diet contained less C 18:2n-6 (P < 0.05) and arachidonic acid (C 20:4n-6; P < 0.05) and more C 18:3n-3 (P < 0.05) and EPA (P < 0.05). A greater total PUFA n-3:C 20:4n-6 ratio (P < 0.05) was observed in does fed the LL diet.
Growth Performance of Kits before Weaning
The growth performance of litters during the suckling period is presented in Table 5 . Litter BW at the beginning of the experiment, at d 21 of age, and at weaning as well as ADG during the entire suckling period or solid ADFI between d 22 and 30 of age were not significantly affected by dietary treatment. However, between d 1 and 21 of the suckling period, litters of rabbit does that were fed the LL diet exhibited greater ADG (P = 0.072) and milk efficiency (P < 0.05). The milk intake:solid feed intake ratio was greater in litters of does that were fed the LL diet (P < 0.05). No mortality of kits before weaning was observed.
Growth Performance of Weaned Rabbits between Days 30 and 69 of Age
The growth performance and health status of fattening rabbits are presented in Tables 6 and 7 . No significant differences were observed between treatments for rabbit BW, ADG, ADFI, or G:F. The Health Risk Index, however, was lower in rabbits fed the weaning diet based on WLS than in those fed the diet based on SBM (P < 0.05). Mortality and morbidity were associated with diarrhea.
Total Tract Apparent Digestibility of Weaning Diets
The weaning diets used were not significantly different with respect to the CTTAD of OM, CP, GE, starch, NDF, or ADF (Table 8) . However, the CTTAD of EE was greater (P < 0.05) in rabbits fed the diet based on WLS than in rabbits fed the diet based on SBM.
DISCUSSION
Feed Intake and Milk Yield in Rabbit Does and Litter Performance
Feed intake by rabbits is directly related to the DE content of the feed (Xiccato and Trocino, 2010) . Consequently, the feed intake and daily supply of nutrients is determined mainly by the DE content of the diet. For this reason, to achieve a similar DMI between dietary treatments in our study, the lactation diets were designed to be similar in DE content and digestible protein (DP):DE ratio (Maertens and De Groote, 1988) , knowing that voluntary feed intake is the limiting factor for doe productivity (Xiccato and Trocino, 2010) . Regardless of the lactation diet used in this study, voluntary DEI of the does was 1.3 MJ DE d -1 ·kg -1 BW 0.75 on average during the entire lactation. This value is within the range of values reported in other studies (Xiccato and Trocino, 2010) . Milk yield tended to be higher between d 1 and 30 of lactation in does fed the LL diet, a finding that is associated with the higher EE dietary content and intake in the LL diet (Pascual et al., 2003) . Regardless of the lactation diet used in our study, the peak of lactation in does was consistent with the lactation peak generally reported for lactating nonpregnant rabbit does, that is, without the negative impact of gestation affecting milk yield (Maertens et al., 2006) .
Significantly greater fat output without variation of feed intake would explain the greater G:F observed between d 1 and 21 of the lactation in does fed the LL diet as well as the greater ADG and milk efficiency between d 1 and 21 of lactation in their litters (Fraga et al., 1989; Pascual et al., 1998 Pascual et al., , 2003 .
Milk Composition of the Rabbit Does
The difference in milk DM concentration between treatments is quite surprising if we consider the small differences in milk yield. A possible reason could be the lower number of rabbits sampled and the great variability of milk composition coming from a partial extraction of the mammary glands (Maertens et al., 2006) . In the present study, milk fat content was nonsignificantly greater and fat output per kilogram of metabolic weight was significantly greater in does fed the LL diet, a finding that is associated with the higher EE dietary content and intake in the LL diet (Pascual et al., 2003) .
The FA profile of milk from does fed the SL diet was consistent with that reported by other authors (Maertens et al., 2006) . The milk of does fed the LL diet contained more MUFA (with a corresponding increase in C 18:1n-9) and less C 18:2n-6, reflecting the typical FA profile of WLS (Volek and Marounek, 2011) .
In our study, a lower medium-chain FA content was observed in the milk of does fed the LL diet than in the milk of does fed the SL diet. This finding is most likely associated with both the de novo synthesis of FA and the lower C 16:0 and greater C 18:1n-9 contents in the LL diet than in the SL diet. In fact, Carey and Dils (1972) showed that short-chain and medium-chain FA are synthesized within the mammary gland rather than being obtained from circulating blood or generated by the oxidation of long-chain FA within the gland. In ruminant mammary gland cells, for example, Hansen and Knudsen (1987) showed that the addition of C 16:0 to the incubation medium strongly stimulated the synthesis and incorporation of de novo synthesized FA into triacylglycerols. In contrast, the addition of C 18:1n-9 was inhibitory.
Feeding the LL diet to does led to a significantly greater C 18:3n-3 content in milk, a finding that can be explained by the lower C 18:2n-6:C 18:3n-3 ratio in the LL diet. Lower C 20:4n-6 and greater EPA contents, with a corresponding increase in total PUFA n-3:C 20:4n-6 ratio, were observed in the milk of does fed the LL diet than in does fed the SL diet. This is most likely associated with an obvious antagonism between the PUFA n-6 and PUFA n-3 metabolic pathways (Bernardini et al., 1999) . In fact, the conversion of C 18:3n-3 to EPA may be suppressed by a high intake of C 18:2n-6 due to inhibition of the delta-6-desaturase enzyme (Williams, 2000) . In addition, the greater EPA content in the milk of does fed the LL diet might also reflect the greater EPA content of the LL diet than the SL diet (Bernardini et al., 1999) . 
Growth Performance and Health Status of Fattening Rabbits
In the present study, no effect of dietary treatment on BW, ADG, ADFI, or G:F was detected in rabbits, most likely because the weaning diets had identical DP:DE ratios and this ratio is related to growth traits and DE intake (De Blas et al., 1981) .
A greater Health Risk Index was detected in rabbits that were fed the SW diet than in rabbits fed the LW diet, a finding that confirms that dietary SBM may affects the digestive health of growing-fattening rabbits negatively, as reported by Gutiérrez et al. (2003) , García-Ruiz et al. (2006) , and Volek and Marounek (2009) . On the other hand, the greater content of EE of the LW diet could also account for this diet producing the best health status of growing rabbits (Xiccato, 2010) . Furthermore, in the present study, rabbits that were fed the LW diet received milk that was rich in C 18:3n-3 and EPA contents before weaning. Maertens et al. (2005) , who studied the effect of a diet rich in PUFA n-3 on the performance and milk composition of does and the viability of their litters, observed that mortality was significantly lower after weaning in the PUFA n-3-fed rabbits.
Total Tract Apparent Digestibility of Weaning Diets
Protein source did not affect the CTTAD of CP, which agrees with the findings of Volek and Marounek (2009) . The CTTAD of EE was greater in rabbits fed the LW diet than in rabbits fed the SW diet, a finding associated with the greater dietary EE content in the LW diet (Xiccato, 2010) . However, the EE determination on feces was not preceded by acid hydrolysis, which may overestimate the EE digestibility values (Xiccato, 2010) .
Conclusion
White lupin seed (Lupinus albus cultivar Amiga) is a suitable dietary CP source for lactating nonpregnant rabbit does that can fully replace traditionally used CP sources without adverse effects on DMI and milk yield or on the growth and viability of their litters. Due to its FA composition, WLS in the lactation diet has the potential to improve milk FA composition without the need for the addition of dietary fat. 
LITERATURE CITED
